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similar symmetry has been seen for the glutamate bind- for “predictive remapping” of visual receptive fields in
the lateral intraparietal area (LIP) (Duhamel et al., 1992),ing domains of the GluR2 channel (Armstrong et al.,
a part of macaque visual cortex thought to play a role1998) and has been proposed for the cyclic nucleotide
in saccadic eye movements. For many LIP cells, immedi-binding domain of CNG channels (Liu et al., 1996), sug-
ately prior to a saccadic eye movement, the receptivegesting that dimer symmetry may be a reoccurring
field seems to shift temporarily across the retina in thetheme in this family of ligand-gated channels.
same direction as the intended saccade. The result ofOne of the novel features of the E. coli RCK domain
this anticipatory shift is that the cell responds to stimulistructure is a salt bridge between a lysine and aspartic
that appear in its ultimate receptive field location beforeacid residue located 27 amino acids apart in the primary
the eyes have even moved. This neural phenomenonsequence. These residues are conserved in all RCK do-
may help to maintain a stable representation of the worldmains, but are not found in other Rossmann-fold struc-
in spite of the constant shifts in the retinal image pro-tures. Using a double mutant cycle analysis, Jiang et al.
duced by eye movements.show that this salt bridge is also present in the RCK
Not just eye movements, but body movements asdomain of BK channels. These results attest to the appli-
well can alter visual receptive field positions. Gross andcability of this RCK domain structure to the RCK domain
colleagues have studied visually sensitive neurons inof BK channels, for which much more functional informa-
macaque ventral premotor cortex, which is involved intion is known. Furthermore, the large effects of the
controlling body movements. Most of these neuronscharge-reversal mutations on the gating of BK channels
are bimodal—they respond to both visual and tactilepoints to the involvement of the RCK domain in the
stimulation. Frequently, the visual and tactile receptivecoupling of ligand binding to channel opening. These
fields are related. For example, a neuron with a tactilemutations represent only the tip of the iceberg to investi-
receptive field near the mouth will also respond to visualgations of the molecular movements associated with
stimuli near the mouth. Graziano, Yap, and Gross (1994)gating of BK channels, and this structure opens the door
studied cells with bimodal receptive fields associatedto many more such studies.
with the arm and showed that, when arm position
changed, visual receptive fields typically shifted acrossWilliam N. Zagotta
the retina in the same direction as the arm. They pro-Department of Physiology and Biophysics
posed that these cells encode visual (and tactile) stimuliHoward Hughes Medical Institute
in an arm-centered coordinate system, in order to facili-University of Washington
tate sensory guidance of arm movements.Seattle, Washington 98195
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field seems to shift toward the saccade target around
the time of the saccade. The receptive field during this
perisaccadic period is defined by a burst of renewed
Shifting Receptive Fields activity associated with the saccade. Such perisaccadic
activation of V4 responses has previously been demon-
strated in experiments where the probe stimulus itself
The very notion of a receptive field implies a defined, was the saccade target (Fischer and Boch, 1981; Moore
static region of sensitivity—for visual neurons, a region et al., 1998). In the current experiment, the probe and
in retinotopic space. Other factors besides retinal stimu- saccade target are dissociated so that the probe can be
lation (such as attentional state) may modulate neural used to map the spatial distribution of the reactivation.
responses, but the shape and position of the receptive In many instances, the perisaccadic receptive field is
field should remain fixed, permanently constrained by shifted (toward the saccade target) relative to the classi-
anatomical connectivity. cal receptive field (defined by responses to probe on-
Not so, as it turns out, for some visual neurons. For sets, which occur earlier in the behavioral trials). The
shifts appear moderate in size—on the order of oneexample, Goldberg and colleagues presented evidence
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receptive field diameter or less—in contrast to the large- The emerging scientific picture thus confirms one’s
scale remappings observed in LIP and ventral premotor subjective impression that saccadic eye movements
cortex. The perisaccadic receptive fields tend to be and shifts of attention are closely linked. Most eye move-
smaller than the classical receptive fields, though this ments are preceded by attentional shifts, and, under
may just reflect weaker activity relative to the probe normal conditions, most attentional shifts are suc-
onset responses. ceeded by eye movements. The preceding attentional
The authors advance two interpretations of the re- shift facilitates visual processing at the saccade target
ceptive field shifts. First, they suggest that presaccadic location, perhaps aiding in target selection and acceler-
activity in V4 may contribute to selection of the next ating perception of the new item of interest. The early
saccade target. Under natural viewing conditions, sac- attention shift has previously been measured at the psy-
cade endpoints correspond to salient and informative chological level in terms of enhanced perceptual perfor-
features in the visual image. Selection of these features mance near the saccade target. Now Tolias et al. appear
presumably depends on object processing in the ventral to have observed this attentional shift at the neural level,
pathway. Presaccadic receptive field shifts could en- by demonstrating a signature response change (re-
hance processing near the future saccade endpoint and ceptive field shifts) known to be associated with atten-
thus facilitate target selection. However, the relatively tion. This convergence between psychological and neu-
brief latency between perisaccadic reactivation and rophysiological evidence provides compelling evidence
saccade initiation (an average of 26 ms in this study) for the close relationship between eye movements and
raises the question of whether there is time for this attentional shifts.
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In the Van Essen experiment, many V4 cells exhibited
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a receptive field shift toward the attention target, much and Schiller, P.H. (2001). Neuron 29, this issue, 757–767.
like the shifts toward saccade targets reported by Tolias
et al. This suggests that the same attention-related
mechanisms may have been operative in both experi-
ments. In addition, for the majority of V4 cells in the Van
Essen study, overall response level depended strongly
on the direction of the attentional focus relative to the
receptive field. A given cell might respond briskly (to
probe stimuli flashed in the receptive field) when atten-
tion was directed to the right of the receptive field, but
remain silent when attention was directed to the left.
Tolias et al. may have observed a similar phenomenon,
since only certain saccade target positions evoked peri-
saccadic activation for any given cell. The mechanistic
implications of receptive field shifts and attention direc-
tion tuning have been discussed elsewhere (Moran and
Desimone, 1985; Olshausen et al., 1993; Connor et al.,
1997; Salinas and Abbott, 1997).
